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My name is Sidney Char, AlA and I am here to represent the Honolulu Chapter of the
American Institute of Architects (AlA). I was the President of the AlA in 2008 and am a
member of the AlA Transit Task Force, whom has been responding to the City’s
proposal for Honolulu’s Transit System.

As a matter of background, the AlA has always been interested in the planning and
design issues in our community. Back in 2006, the mayor spoke to our membership
and indicated that it was too early for the architects to participate in the design of the
transit. Then in 2007, Mr. Toru Hamayasu of the City stated that it was too late for
architects to participate in the overall system; indicating that he believed that architects
were only to be involved in the design of the stations and its appearance.

In 2008, the AlA started opening up communication with the City to discuss our
concerns with the proposed system. Our original concern was the aesthetics of the
imposition of the large concrete structures across our island landscape and the impacts
to the downtown urban core with the interruption of the mauka and makai views and the
separation of the waterfront from our city center. At another public forum with our AlA
memberships, the mayor listened to our design concerns and then he invited us to
come up with a better solution and to present it to him. He stated that ultimately the
transit would be built under a different mayor and the city council is ultimately
responsible for approving the system.

The AlA then formed a Transit Task Force to start researching transit systems so we
could speak as a more informed group. Our independent research revealed some very
compelling information that we believe may offer Honolulu a superior system at a lower
cost and built in less time. Given the economic challenges today, we believe it is very
important to seriously compare the current proposed elevated system to an at-grade
light rail system.

The AlA does support a rail transit system and believes that a viable at-grade system
could be completed and maintained for less money, saving all of our taxpayers billions
of dollars. We believe with the lower costs, the city would not need to appropriate this
Transit Improvement Bond Fund for almost a billion dollars.
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The AlA is submitting our AlA Task Force Report on light rail transit for the Honolulu
High Capacity Transit Corridor Project for your review. Many of the advantages of the
proposed at-grade light rail system are: the system’s flexibility, increased accessibility,
revitalization of the existing communities along the entire route, enhanced security, no
need for large expensive transit stations, less maintenance of elevated station facilities
with elevators and escalators, easier inter-modal connectivity, bettercompatibility with
local environments and improved visual aesthetics.

Our report includes a comparative analysis between the City’s proposed elevated rail
and an at-grade light rail transit. We believe that the dramatic variance in the cost of
elevated at two to three times the cost of the at-grade system ($5.3 Billion vs. $2.5
billion) is a huge factor that bears reconsideration. The other factor is the operation and
maintenance of the elevated is 40% higher or projected at $25 million more per year.
Based on the City’s projected ridership at 95,050 riders, the cost is $663 per rider per
year.

The projected construction time for the at—grade system is more than half the time at 4
years instead of 9 years. This means that the entire system will be operational and
financially contributing to the debt service that much sooner. The shorter construction
time will also be less disruptive to businesses and residences along the proposed route
of the transit.

We have learned that in the last thirty (30) years, only one city elected to build an
elevated rail system, and that is Miami, while thirty five (35) other cities have all elected
to go with at-grade light rail transit. We believe that other cities chose the at-grade
alternative because of the overriding advantages and cost differences. The elevated
system in Miami looks very large and bulky and foreboding in appearance. It is not very
compatible with the surrounding environment. The at-grade transit is more user and
environmentally friendly and more appropriate for our island communities.

In summary, the AlA is here to ask the City Council to reconsider the serious
environmental and financial impacts of the proposed elevated rail and select a flexible
technology such as the overhead catenary wire and/or the intermittent power third rail
and a more economical solution. The flexibility in technology allows subsequent
sections or future lines to be added to the rail system either below grade, at-grade or
elevated at less cost. We have all seen costs escalate over time and we believe the
difference in cost may be even greater than projected for the elevated guideway. Even
though millions of dollars of preliminary engineering has already been spent, we are still
talking about billions of dollars that could be saved by selecting the at-grade light rail
transit.

Thank you for this opportunity to present our Transit Task Force Report and to
summarize our research on viable, money-saving alternatives for the Honolulu High
Capacity Transit Corridor Project.
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TASK FORCE REPORT: SUGGESTEDLIGHT RAIL TRANSIT

(LRT) FOR THE HONOLULU HIGH-CAPACITY TRANSIT
CORRIDOR PROJECT

EXECUTiVE SUMMARY

The HonoluluChapterof the AmericanInstituteof Architects(AlA Honolulu)continues
to strongly supportthe conceptof afixed rail transitsystemfor Oahu. However,we also
remainconcernedoverthe appropriatenessof the proposedelevatedtransitsystem
particularlythroughtheurban coreof Honolulu. We thereforerespectfullyoffer this
report to assistthe City administration,lawmakers,andstakeholdersin strengthening
communitysupport,enhancingour neighborhoodsandenvironment,investingtaxpayer
moneywisely, andensuringFederalfunding for this historicproject.

AlA Honolulupromotestheimplementationof aflexible transitsystemcapableof
operatingat, above,or below gradeto accommodatethe particularconditionswithin each
community. Widely usedtransittechnologiessuchas light rail transit(LRT) with
overheadcatenarywiresallow transitplannersthisgreaterflexibility while still satisfying
transitdesigncriteria for passengervolumeandfrequencyof service.

In light of the currenteconomicrecession,a predominantlyat-gradelight rail solution
would offer Oahuresidentsa morecosteffectivetransitsystembuilt in lesstime. Sucha
systemwould alsobe cheaperto operateandmaintain,annuallyconservingtaxpayer
money. The resultingcostsavingscould bedirectedtoward extendingthe systemto UH
Manoa,Waikiki, and perhapsevento KahalaMall and Mililani/Wahiawa/Haleiwa.

At-gradesystemswould encouragediverse,mixed-useTransitOrientedDevelopment
(TOD) alongthe entirelengthof the transitrouteandhelprevitalizeexistingcommunities
andbuildingsratherthanconcentratingnewdevelopmentonly at stationlocations.
Increasedaccessibilitytendsto stimulateridershipandpromoteinter-modalconnectivity.
Suchsystemsmoreeasilycomplementactivestreetscapesand vibrantpublic spaces,
helpingto enhanceHonolulu’ssenseof place. Comparedwith elevatedrail, the minimal
visual andenvironmentalimpactsof at-gradesystemsfurtherpreserveouruniqueisland
sceneryfor ourvisitors andresidentsalike.

The charton the following pagesummarizesthe findingsin the report:
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SUGGESTEDLIGHT RAIL TRANSIT (LRT) FOR THE
HONOLULU HIGH-CAPACITY TRANSIT CORRIDORPROJECT

AL& Honolulu continuesto stronglysupportthe conceptof a fixed rail transitsystemfor Oahu.
However,we alsoremainconcernedoverthe appropriatenessof theproposedelevatedtransit
systemparticularlythroughthe urbancoreof Honolulu. AlA Honolulu promotesthe
implementationof a flexible transitsystemcapableof operatingat, above,or belowgradeto
accommodatethe particularconditionswithin eachcommunity. To assistthe City
administration,lawmakers,andcommunityin strengtheningcommunitysupport,enhancingour
neighborhoodsandenvironment,investingtaxpayermoneywisely, andensuringFederalfunding
for thishistoric project,AlA Honolulu’s TransitTaskForcehaspreparedthe following
comparisonstudyof two differenttypesof fixed rail systems:

• The elevated“hot” third rail systemcurrentlyproposedin the Draft Environmental
ImpactStatement(DEIS) datedNovember2008,and

• At-gradelight rail transit(LRT) systemsusingan overhead“catenary”powerwire

The LRT systemwaschosenfor considerationin this studybecauseof its flexibility; LRT
guidewayscan be put atgrade,belowgradeor overheadas requiredby planningconsiderations.
Thetwo rail systemsarecomparedin termsof:

• ConstructionCosts
• OperatingandMaintenanceCosts
• Visual andEnvironmentalImpact
• Transit-OrientedDevelopment,and
• At-gradeTraffic Impact

I. CONSTRUCTIONCOST
Elevatedrail
The latestcostestimatefor the 20-mile,20-stationelevatedrail systemproposedfor the City &
Countyof Honolulu is $5.3 billion, or $265 million per mile1. Thisfigure is for the initial phase
from Kapolei to Ala Moanaanddoesnot includedextensionsto Waikiki or UH Manoa. Dueto
the scarcityof recentlybuilt elevatedsystems,it remainsdifficult to evaluatetheseprojected
constructioncosts. The only instancein which anall-elevatedmasstransitline was built in a
majorcity in the UnitedStatesoccurredin Miami in the 1970’s,which is too longagoto provide
reliablecostdata.

Giventhe largecostoverrunsof recenttransitprojectsin Hawaii (H-3)2 andelsewherein the
country(Boston’s“Big Dig”, LosAngelessubway),andthe lack of constructiondatafrom
elevatedtransitprojects,we areconcernedthat currentcostestimatesandcontingenciesmaynot
be adequate.

At-graderail
Currentlythereare35 at-graderail systemsoperatingin urbanareasof North America3

(Appendix 1). Thesesystemsall useanoverheadpowerwire andsteelrailsat grade(ground)
level in dedicatedstreetlanesor otherexistingpublic right-of-ways. A numberof thesesystems
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havebeenbuilt within the lastSyearsandcan offer a moreaccurateideaof projected
constructioncostsif a20-mile at-gradesystemwasbuilt in Honolulu.

The at-gradeLRT systemsin Charlotte,Houston,Los Angeles,Minneapolis,Phoenix,
Sacramento,SanFranciscoandSanJosewereall completedbetween2003 and2008,with the
Phoenixtine havingjust openedin December2008. Final per-milecostsfor thesesystems
rangedfrom $43 million (Houston)to $70million (Phoenix)4.Usingthe final costof the
Phoenixsystem($1.4billion) andthecurrentcostmultiplier for constructioncostsin Hawaii
(1.79timesPhoenixcosts)5we conservativelyestimatethatthe totalcostof a 20-mileat-grade
LRT systemin Honolulu would beapproximately$2.5 billion attoday’sprices.

The lower constructioncostof at-graderail is primarily dueto the savingson materials(steeland
concrete),energyandlaborrequiredto constructthe elevatedguidewayandstationsanywhere
from 35 to 80 feetabovegroundlevel6, Secondly,therearesavingson the machinery(stairs,
escalators,elevators)andlighting neededat eachelevatedstationas well asthe mezzanine
structureswhichspanthe streetbelowthe stations. In addition,therearesubstantialsavingson
below-gradefoundationandutility realignmentwork neededfor supportof thestructural
columnsin anelevatedsystem.

LandAcquisitionCosts: ElevatedRail
Accordingto the latestreportsfrom theCity administration,atotal of 189 propertiesarein the
pathof the proposedelevatedline andwill haveto be acquiredin part or in full7. The city has
budgeted$70 million to purchasethe landbasedon currentpropertyassessmentsfor these
parcels.Our understandingis thatthe budgetdoesnot includea contingencyforrising property
assessmentsif andwheneconomicconditionsimprove.

Although the bulk ofthe elevatedguidewayandstationswill bebuilt over publicstreetsand
rightof ways,landacquisitionalongtheseareaswill still be requiredbecauseofthe width of the
guidewayandof the stations, The proposedspecificationof “hot” third rail technologyrequires
thatthe train rails be grade-separated(movedabovegroundlevel) for safety. Sincethe most
cost-efficientway to grade-separatethird rail systemsis to pair two lanesof rail togetheron an
elevatedguideway,this meansthat the guidewayis double-widethroughoutits length, andany
stationsrequireadditional platformspaceon both sidesof thisdouble-widedimension. Land
acquisitionis typically requiredatthe stations,whichwill be 50 feet wide by 300feet long8.

Land Acquisition Costs: At-grade Rail
Although LRT systemsareinstalledat grade, landacquisitioncostsarenot necessarilyhigher
thanthosefor anelevatedrail system. At-gradeguideways(rails) aretypically installedin
existingroadwaysandthe turningradiusof at-gradeLRT is normally accommodatedin existing
streetright-of-ways.At-gradestationsrequireonly awidenedsidewalkarea(approximately6 x
150 feet) on onesideof the guideway. At-graderail routesandstationlocationscanoffer
plannersanddesignersmoreflexibility comparedwith elevatedrail systemswhich mustaccount
for largestructuralcolumnsthat can only beplacedin thecenterlinesor outsideof streets.At-
graderail linescan be pairedon the samestreetor separatedandput on differentstreetsto
minimize surfacetraffic disruptionandfurtherminimize the needfor landacquisition.

4 AlA Honolulu Task Force Report: Suggested Light Rail Transit (LRT) for the Honolulu High-capacity
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ConstructionTime: ElevatedRail
Accordingto thecity, the estimatedconstructiontimefor the first phase(20miles) of the
Honolulu systemis 9 years,with constructionto beginin December2009 andfull serviceto Ala
Moanastartingattheendof 2o18~.

Construction Time: At-grade Rail
Constructiontimefor an at-gradeLRT systemin Honoluluwould likely be similar to the system
justcompletedin Phoenix.The 20-mile at-gradesystemin thatcity wascompletedin 4 years
(2004~2008)b0.

ConstructionEnergyConsumption
Accordingto the Draft EIS for the HHCTCP,“constructionof at-gradehighcapacitytransit
systemsgenerallyrequire20,000MBTUs of energypertrackmile (Caltrans1983), including
trackandpowersystems”.For an all-elevatedsystemsuch as theoneproposedfor Honolulu,
“an additional 150,000MBTUs of energypertrackmile would berequiredto constructthe
elevatedstructure”. Total energyrequiredto build a mile of elevatedrail line is 170,000
MBTUs, or 8.5 timesthe energyrequiredfor the samelengthof at-graderail.

SUMMARY: CONSTRUCTIONCOST,TIME AND ENERGY
Comparingthe latestCity estimatefor elevatedrail ($5.3 billion) with the uppermostestimated
costfor at-graderail ($2.5 billion), a 20-mileat-gradeLRT systemwould allow the City to build
atransitsystemfor one-halfthe cost,therebyreducingtaxpayerfunding. Comparing
constructiontime of the Phoenixat-gradesystem(4 years)with the City’s estimatedconstruction
time for Honolulu (9 years),at-gradeLRT would allow the City to build a transitsystemin less
that one-halfthe time,therebyreducingnecessarytraffic disruptionsduringconstruction.
Finally, as energycostsandconsumptionhavecometo the attentionof the public in light of
global warmingconcerns,it is importantto notethatthe embodied(construction)energy
requiredfor a mile of elevatedrail is 8.5 timesthat of at-graderail.

II. OPERATINGAND MAINTENANCE COSTS(OMC)
ElevatedRail
Accordingto the City’s rail transitwebsite,the annualoperatingandmaintenancecosts(OMC)
for theproposed20-mile elevatedroutewill be $63 million’2, or $3.15million permile. This
figure can bebrokendown into track-and-trainOMC (which arethe samewhetherat gradeor
elevated)andOMC associatedwith an elevatedsystem. Accordingto the Light Rail Industry
(LRI), the typical OMC foran at-gradeLRT systemis $1.5 million permile, or $30 million for a
20-mile system.Usinga 1.3 costmultiplier to accountfor Honolulu’s relativelyhighercostof
living, weestimatethatthe projectedOMC for tracksandtrainsalonein Honoluluwould be $39
million. Subtractingthat figure from the City’s overall OMC figure of $63 million leaves$24
million, which is theOMC for elevators,escalators,lighting,painting,restrooms,and securityat
elevatedstations.

At-gradeRail
At-graderail typically sharesexistingroadwayandright-of-waysresultingin significantlylower
OMC thanelevatedrail. No stairs,escalatorsor elevatorsare required. Steel rails are recessed

5 AlA Honolulu Task Force Report: Suggested Light Rail Transit (LRT) for the Honolulu High-Capacity
Transit corridor Project, February 2, 2009



into existingstreetsso that trackandstationcleaningcanbe doneas part of nonnalcity cleaning
andmaintenanceprograms.At-grade stationsconsistof widenedsidewalkplatformswith roof
structuresandticketvendingmachines.Lighting andsecurityneedsatat-gradestationsare
minimal sincetheycan bemonitoredby existingpolicepatrolsand lit by existingstreetlights.
The20-mile,28-stationat-gradeLRT systemwhichopenedin Phoenix in December2008 hasan
annualOMC budgetof $31.6million ($24million for operations+ $7.6million for
maintenance),for aunit costof $1.58million permile’3.

SUMMARY: OPERATINGAND MAINTENANCE COSTS
Comparedwith anelevatedtail system,a 20-mile at-gradeLRT systemcouldsavethe City $24
million in annualoperatingandmaintenancecosts,andtherebyfurthermaximizeuseof taxpayer
dollars.

III. VISUAL AND ENVIRONMENTAL IMPACTS
ElevatedRail
The proposedelevatedrail systemwill have“moderate”to “high” impact,accordingto theDraft
EIS, on severalneighborhoodsthroughwhich it is proposedto ~ The guidewayand
stationswill havetwo typesof visual impact: blocking existingviews, particularlyin mauka-
makaidirections,and beinga visual elementout of scaleandcharacterwith the immediate
neighborhood.Mauka-makaiview corridorsareconsidereda critical partof the urbanlandscape
of Honoluluandare protectedundertheCity’s PrimaryUrbanCenterDevelopmentPlanof
2004. Existingmauka-makaiviews in the immediatevicinity alongthefull lengthof the system
will be significantly impacted. Views from existingapartmentsnearthe guidewaywill alsobe
impacted,particularlyin unitson the lower four or five floors.

Therewill be high visual impactsin Downtown Honolulu,wherethe viewsdown BishopStreet
andneighboringstreetsto Honolulu harborwill be partially blockedby theelevatedguideway
andits supportcolumns. The Chinatowndistrict, with its historic connectionto the waterfront,
will be significantly impactedby an elevatedconcretestructurerunningthe full lengthof the
district.

The proposedelevatedrail systemis contraryto waterfrontplanningin leadingcities throughout
the world. Cities suchas SanFrancisco,Boston,SeattleandSydneyhavein recentyears
removedelevatedtransitstructuresseparatingtheir neighborhoodsfrom the urbanwaterfront.An
elevatedrail line adjacentto the waterfrontin Honolulu will createa physicalandvisual barrier
betweenthewaterfrontandthe Downtown/Chinatownarea,as can be seenin the following
simulationfrom theDEIS (Figure4-32,Page4-80):
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Simulationof guidewayatNimitz Highway/FortStreetIntersection

Eastof the Downtownarea,Mother WaldronPark,a stateHistoric Site,andadjacentlow-rise
residentialbuildingswill be substantiallycontrastedby the bulk andscaleof the elevated
guidewayandrequiredstraddlebentstructure,as seenin this simulation:

~

Straddlebentguidewayandcolumnsat HalekauwilaStreet/CookeStreetintersection
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The secondphaseofthe project(extendingto UH Manoa),calls for adouble-deckedguideway
betweenPensacolaStreetandAla MoanaCenter,furtherblockingmauka-makaiviews15.

Phase2 of the City’s proposedsystemincludesa 2-mileextensionto UH Manoa.The following
photographsillustratethe high visual impactof an elevatedsystem:

Existingview, intersectionof King Street& University Avenue,lookingmauka

Simulationof proposedguidewayandstation,King Street& UniversityAvenue
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The soundsfrom trainspassingeveryfew minuteswill impactthosepeopleworking or living in
the immediatevicinity of the route. Thenoise impactwill bemostseverefor apartmentdwellers
living on the3~to 5th floors dueto proximity of the guideway.However,therewill alsobenoise
impactson floors abovethe guidewaybecausethe low bufferwalls whichareplannedto block

train noisewill divertthe noiseupward.

Constructionof an elevatedrail line will significantlyalterthe immediateenvironmentunderthe
entire lengthof the system. Constructiondown the centerof existingdivided streetswill require
theremovalof manymaturestreettrees. Therewill bea major loss of greenscapein theseareas,
asthe streetis changedfrom onewith a centerboulevardof grassandmaturetreesto onewith a
centerhardscapein permanentshadow.

Constructionof an elevatedrail line in the urbancorewill createa moreseriouslydegraded
environmentthanin suburbanareas. Urbancorelandunderneathelevatedtransitstructuressuch
as highwaysandoff-rampstendto be paved,noisy,dustyand unpleasantfor pedestrians.These
environmentsoften becomefavoredlocationsfor criminal activity suchasdrug-dealingandfor
the homeless.

Honoluluis a world-classtourist destinationattractingmillions of visitors everyyearwhoenjoy
the exoticsceneryanduniquecultureof Hawaii. An elevatedrail structurein theurbancore
would haveadetrimentaleffect on tourism,the primary industry in the state. The Waikiki
ImprovementAssociationhasstatedpublicly thatit has“seriousconcernswith apotential
Waikiki spurfrom Kapiolani Boulevard.. .to Kuhio Avenue” becauseof “aestheticandphysical
densityissuesof locatingthe overheadtrackin a resortandresidentialarea”6. As canbe seenin
the photographsof the King Street/UniversityAvenueintersection,an elevatedsystemwill
block existingmauka-makaiviewsandcreatea visual elementout of scaleandcharacterwith the
surroundingcommunity.

Due to the significantvisual impactsof anelevatedrail system,we areconcernedthatproposed
mitigation measureswill only havea marginaleffect. Aside from broadstatementssuchas
“developdesignguidelines”and“coordinatewith the DPP”, the only mitigation measures
discussedin the DEIS are“provide new vegetation”and“shield exteriorlighting”7.

At-grade Rail
In cities wheresubwaysystemsarenot feasible,at-graderail hasconsistentlybeenthepreferred
rail alternativein the last30 yearsin the UnitedStates. Thepopularityof at-graderail is in large
part dueto the low visual andenvironmentalimpacton the existingurbanfabric. Gradelevel
guidewaysarevirtually invisible in a streetexceptfor the rails recessedinto the roadwayandthe
thin powerwire overhead,as seenin the following photoof the Charlotte(NC) light rail system:
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Gradelevel stationsareminimal in visual impact,consistingof an openplatform,roof structure
andticket machines,asseenin thisview of the Phoenixlight rail system:

LRT streetcrossingin Charlotte,NC

LRT streetmedianstationin Phoenix,AZ
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While the Phoenixexampleis of amedian(center-of-street)station,at-graderail canalsobe
locatedon the outerlaneof existingstreets,allowingexistingboulevardlandscapingandtrees

(an importantfeatureon streetssuchas Kapiolani Boulevard)to remainintact. At-grade
guidewayscanalsobe split into one-waystreetsto minimize at-gradetraffic impacts. An

independenttransportationconsultanthasnotedthat “the requisitethrough-put(capacity)could
be achievedin Honoluluby reservingonecurb laneon eachone-waystreetfor light rail transit
operationswith stationareaslocatedon the ~ This idea is consistentwith aprevious

planby the City to placerail transitlineson King Street.

Sound impacton neighboringapartmentsis substantiallylessthatelevatedrail becausean at-
gradeguidewayis 30 to 40 feetfarther from (below) apartmentunits locatedon upperfloors.
Steel-on-steelnoisesarereducedwith at-gradeconstructiondueto soundconductioninto the
surroundingsoil. Most importantly, existingurbanneighborhoodstraversedby at-graderail
retaintheir existingscale,character,daylight patterns,andgreenscape.

SUMMARY: VISUAL AND ENVIRONMENTAL IMPACTS
Flexibletechnologiessuchas at-gradeLRT offer transitplannersthe ability to posefar fewer
visualandenvironmentalimpactscomparedwith elevatedrail systems.By eliminating the bulk
of theenvironmentalimpactsdiscussedin theDEIS, communityconcernscan begreatlyreduced
andpublic supportfurtherexpanded.The scarcityof all-elevatedrail systemscurrentlybeing
built in the United Statessuggeststhat othermunicipalitieshavesoughtto avoid the frequently
severeenvironmentalimpacts(andhigh costs)of such systems.Evenwith the mostsensitive
designguidelinesandcoordination,it is difficult to preventelevatedrail systemsfrom becoming
anoverpoweringelementin anyurbanenvironment.Flexible, at-graderail systems,on the other
hand,moreeasilyblend into the existinglandscapeandurbanfabric.

IV. TRANSIT-ORIENTEDDEVELOPMENT (TOP)
Introduction
Transit-OrientedDevelopment(TOD) hasno universalworkingdefinition throughoutthe
countrybut is typically definedas compact,mixed-usedevelopmentneartransitfacilitieswith a
high-qualitywalking environment.

The potentialbenefitsof TOD aresocial, environmental,andfiscal. Focusinggrowth around
transitstationsleveragespublic investmentin transitto encouragelocal investment,which leads
to increasedbusinessandtaxrevenues.TOD, proponentsbelieve,canbe aneffectivetool in
curbingsprawl, reducingtraffic congestion,andexpandinghousingchoices.The mostdirect
benefitof TOD is increasedridershipandtheassociatedrevenuegains. Researchshows
residentsliving nearstationsarefive to six timesmorelikely to commuteviatransitthanare
otherresidentsin aregion.Otherprimarybenefitsincludetherevitalizationof declining
neighborhoods,financial gainsfor joint developmentopportunities,increasesin thesupplyof
affordablehousing,andprofits to thosewho own landandbusinessesneartransitstops.

TOD’s secondarybenefitsincludecongestionrelief, landconservation,reducedoutlaysfor
roads,and improvedsafetyfor pedestriansand cyclists. Manyof thesebenefitsfeedoff of each
other. TODshelpcreatecompact,walkablecommunities,andprovide sustainable,comfortable
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transportationwhile greatlyreducingoil use. Walkablecommunitiesin turn supportrail systems
by providinghighridership.

ElevatedRail
Although anyrail systemis compatiblewith TOD, an elevatedrail systemtendsto limit the full
potentialofTOD by separatingthe most importantfeature— the pedestrian-friendlywalking
environment—from the street.An elevatedrail systemmovesall transit-relatedtraffic and
activity to 30 feetor moreabovethe street,leavingexistingbusinessesandbuildingsout of the
actionandcreatinga30 to 50 feetwide shadowzonebelowthat is pedestrian-unfriendly.
AlthoughTOD canoccuraroundthe stationsof anelevatedsystem,developmenttendsto be
confinedmainlyaroundthe entrancesto the stationssincetransitriderswill not be inclined to
linger in the areasbelowthe guidewayandstations.

At-grade Rail
At-graderail systemscan offer transit plannersandcommunitiesmuchgreaterlikelihood of
realizingsuccessfultransit-orienteddevelopmentby encouragingthe following key
characteristics:

AccessibilityandSafety
All ridersof rail transitstartandendtheir trips aspedestrians.A pedestrianenvironmentin
whichthe trip to a stationis safeandeasyis importantfor encouragingtransit ridership. With at-
graderail, theroutefor the pedestrianbetweenstationanddestinationcan be shortanddirect
with aminimumof stairsandgradechanges.For riders in wheelchairs,on crutches,or pushing
babycarriages/strollers,gettingon andoff a low—floor train from a sidewalkplatform is much
easierthan gettingto atrain on aplatform40 to 80 feet abovethestreet.At-gradestationscanbe
morefrequentlylocatedthanelevatedstations,which meansbetterandeasieraccessibilityfor
riders,which in turn promoteshigherridership.Higher ridershipleadsto higherusageof
adjacentbusinessesandincreasedtaxrevenuesfor the city.

Safetyandsecurityare importantto transitriders.With at-graderail, ridersareableto takea
varietyof routesastheywalk to andfrom stations. The randompedestrianpatterngeneratedby
at-graderail systemsleadsto moreoverall streetactivity anda saferstreetenvironment.
Buildingsandbusinessesadjacentto stationsandguidewaysprovide“eyeson the street”and
informalsecurity.Conversely,the elevatorsrequiredby an elevatedrail systemaremostly
avoidedat night dueto securityissuesandhavemaintenanceproblemsdueto vagrantsusing
them to sleepandurinate.

Efficiency
SuccessfulTOD mustbemixed-use,location-efficientdevelopmentthat balancesthe needfor
sufficientdensityto supportconvenienttransitservicewith the scaleofthe adjacentcommunity.
SuccessfulTOD projectsalsocaterto a rangeof incomelevelsof users. With at-graderail, the
potentialfor an upgradedpedestrianexperienceextendsoutwardin all directionsfrom the
stationsbecausepedestrianswalking from at-gradestationswill takethemostdirectrouteto
their destination. Thiswidespreadpedestriantraffic patternassociatedwith at-graderail stations
raisesthedevelopmentpotentialof theentireneighborhoodwhich encouragesnot only new
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constructionbut rehabilitationof olderbuildings aswell. The wider diversityof projectsattracts
a wider rangeofresidentsandneighborhoodusersof all incomelevels.

Community and Inter-modal Connectivity
At-graderail allows plannersto betterutilize adjacentland uses,sinceno spacehasto be blocked
out or condemnedfor escalators,elevators,structuralcolumns,etc. At-gradestationscanbe
locatedfor easyaccessto the local communityandinterconnectionwith existinglocalbusinesses
andservices. Passengerson trainsat-gradecan easilyconnectto othermodesof public transport
suchas busesor taxis.

Livelinessanda“Senseof Place”
At its core, transit-orienteddevelopmentstrivesto makeplaceswork well for people. TOD aims
to restoremanyof the featuresof yesteryear’scityscapes—comfortableandenjoyable
streetscapes,vibrantandinteractivepublic spaces,andan assemblageof land usesthat invite
peopleto stroll, linger, andinteractwith eachother. At-graderail stationscan bedesignedto
complementexistingcivic spacessuchas plazas,waterways,public mallsorparks. Thereis a
growingappreciationfor the needto createenduringmainstreetsandreal placesin American
cities. Creatingstationswith a “senseof place” seemsparticularlyimportantin Honolulu, which
pridesitself on beinga uniquedestinationin theUnitedStates.

SUMMARY: TRANSIT-ORIENTED DEVELOPMENT
In manywaysTransit—OrientedDevelopmentseeksto reproducethe cityscapesfoundin
Americancities some80 yearsago: city streetsfull of pedestriansfrom all walksof life,
sidewalkscomfortableandenjoyablefor astroll andstoppingto talk with fellow residents,
attractivecivic spacesinterspersedthroughout.Like the streetcarsystemscommonin American
citiesin the 1920’s,at-graderail hassignificantadvantagesfor TOD in areasof accessibility,
safety,efficiency, inter-modalconnectivityandoverall neighborhoodliveliness.At gradeLRT
can offer transitplannersandthe communitiestheyservegreateropportunitiesto createa
successfulTOD not availableto plannersof elevatedrail.

V. AT-GRADE TRAFFIC IMPACT
ElevatedRail
With mostfunctionsraised30 - 40 feet abovestreetlevel, at-gradetraffic impactsof elevatedrail
areprimarily the resultof placementof structuralcolumnsat the streetlevel to supportthe
guidewayandstations.Wheretheguidewayis centeredon an existingstreet,columnswill take
up onetraffic lane. On boulevard-typestreets,guidewaycolumnscanfit within existing median
strips andhave little impacton traffic. Wherecolumnsarelocatedat thesidesofstreetsto hold
up straddle-bentsat stations,therewill be aloss of sidewalkspace.

The impacton at-gradetraffic by elevatedrail will be particularlysevereduringconstructionof
the system.Excavationfor column foundationsand utility relocationwill bemoreextensive
with elevatedrail thanfor at-graderail, requiringlargerportionsof existing streetsto beclosed.
Overallconstructiontimefor elevatedrail will betwice aslong asthat for at-graderail, requiring
longerclosureofexistingstreetsandlongerperiodsof impacton at-gradetraffic.
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At-grade Rail
At-gradetraffic impactshavebeencitedby the City administrationas akey reasonfor the
selectionof anelevatedrail system.The City’s engineershavesetdesigncriteriafor the system
at 6,000pphpd(passengersperhourper direction)capacity,with 3 minuteintervals(headway)
betweentrains,andtheyhavestatedthat it is not possibleto put suchasystemon Honolulu
streetswithout amajorincreasein traffic congestion.

However,we respectfullyofferdiffering information for furtherconsideration.Accordingto
independenttraffic engineers,“achievingacapacityof6,000pphpdwith 3-minuteheadway’sis
easyto do with a light rail transitrunningon surfacestreets.3 minuteheadwaysequateto 20
trainsperhour,(with eachtrain) havingacapacityof 300 passengers(20trainsx 300passengers
= 6,000pphpd)”9. Furthermore,modemlight rail vehicles,suchasthe SiemensS70,havea
capacityof 232 passengersper car. Eachcar is 95 feet long, meaninga2-cartrain would be 190
feetlongor well within the lengthof atypical Honolulu city block(250—400feet) andout of
thewayofcrosstraffic. A systemusing2-cartrainsoftheSiemensS70typewould havea
capacityof 9,280pphpd(464 passengersx 20 trains= 9,280pphpd),or morethan50% beyond
the required6,000pphpdcriteria.

Working examplesof thistypeof systemcanbe found in cities suchas Charlotte,Dallas,
Denver,Houston,Phoenix,Portland,Sacramento,and SanDiego. Rail car manufacturer
selectionis not limited to Siemens;severalothercompaniessuchasAlstom,Bombardier,CAF,
andKinki-Sharyomakecomparableequipmentsuchas thislow-floor modelusedin the new
PhoenixLRT system:

Accordingto independenttraffic consultantscontactedby AlA Honolulu, at-gradetraffic impact
is a concernwith at-graderail but is not a seriousproblemwhencombinedwith asignal

PhoenixLRT carmanufacturedby Kinki-Sharyo
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synchronizationsystemand/oratraffic preemptsystem. A traffic preemptsystemalterssignals
at intersectionsto givepriority to anytrain approachingtheintersection.Successfulexamplesof
this includePortlandTriMet’s MAX light rail wheredesignpolicypermits trainsto only stop at
stationsto preventtraffic delays20.

Pedestriansafetyis alsoaconcernwhenlocatingat-graderail lines andstations.At-gradetrains
can beput in exclusive-uselanesor pedestrianmallsto protectpassengersfrom at-gradetraffic
astheydisembark.Pedestrianbarriersarealsoused,particularlyin median(centerstreet)
stationsto force pedestriansto slow downandtakenoticeastheyapproachtraffic lanesor
intersections.

SUMMARY: AT-GRADE TRAFFIC IMPACT
At-gradeLRT systemscanoffer transitplannersaviablealternativeto elevatedrail while still
maintainingtransitsystemdesigncriteriafor passengervolumeandtrain frequency. Impacton
at-gradetraffic canby managedthroughsignalizationsystemscommonlyusedin 35 othercities.
Similarly, pedestrianandpassengersafetycanalsobe maintainedvia barriersandprotected
zones.
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AT--GRADE RAIL REFERENCES

1. www.lithtrail.net
2. www.lightrailnow.org
3. wwwvalleymetro.org (Phoenixlight rail system)
4. www.calgarytransit.com(Calgary,Canadalight rail system)
5. www.lrta.org (Light Rail TransitAssociation)
6. www.dart.org (DallasLight Rail)
7. Note: TheLRT systemslisted in Appendix I all haveindividual websiteswith detailed

information,schedulesetc. Websiteaddressescan befound by searchengine,typing in
the city nameandthe words“light rail”.

TOD REFERENCES

8. TCRPReport102 Transit-OrientedDevelopmentin the UnitedStates:Experiences,
Challenges,andProspects,TransportationResearchBoardof the NationalAcademies,
TransitCooperativeResearchProgram;Sponsoredby the FederalTransitAdministration,
Washington,D.C. 2004,

9. 9”~NationalLightRail TransitConference,Experience,Economics& Evolution— From
StarterLinesto GrowingSystems,TransportationResearchCircular,Transportation
ResearchBoardofthe NationalAcademies,NumberE-COS8November2003.

10. TransitOrientedDevelopment:MovingfromRhetoricto Reality,A DiscussionPaper
Preparedfor The BrookingsInstitution Centeron UrbanandMetropolitanPolicy andThe
GreatAmericanStationFoundation,June2002.

II. Transit-OrientedDevelopment:ThePortlandPlanningExperience,DebbieBischoff,
SeniorPlannerPortlandBureauof Planning,City & Countyof Honolulu TOD Public
Workshop,July 14, 2007.

12. Transit-OrientedDevelopmentBestPracticesHandbook,City ofCalgaryLand Use
Planning& Policy Department,January2004.

End Notes

1. Honolulu Advertiser,Dec.25,2008,PageAl, “Isle voicesraisedon rail line”, articleby Sean
Hao.

2. H-3 was originally envisionedto cost$250million; the final costwas$1.3 billion (Honolulu
AdvertiserAug. 28, 2007,pageA16, article by DavidJohnson).

3. 29 systemsarein theUnited States;3 eachare in CanadaandMexico. Referencewebsite:
www.lightraiLorg/successl.htm.

4. “North AmericanLight Rail & Trolley Systems”;www.lightrail.net/LRTSystems.htm

5. Constructioncostmultipliersweretakenfrom two differentprofessionalcostestimators
(RidersDigest— 1.38, andVictor TsuhalCostEngineering—2.2) andaveraged,for a multiplier
of 1.79 for convertingPhoenixconstructioncoststo Honolulucosts.
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6. Honolulu Advertiser,April 20, 2008,PageAl, “Rail line will altercity’s landscape”,article
by SeanHao. Typically, theproposedguidewaywill rangefrom 30 to 50 feet aboveground
level,with highpointsat WaiawaStream(90 feet abovegrade),Ala MoanaCenterstation(86
feetabovegrade)andKing/University station(60 feetabovegrade).

7. HonoluluAdvertiser,June1, 2008,PageAl, “189 propertiesin rail’s path”, article by Sean
Hao.

8. HonoluluAdvertiser,December25, 2008,PageAl, “Isle voicesraisedon rail line”, articleby
SeanHao.

9. Ibid.

10. HonoluluAdvertiser,December28, 2008,PageA25, “Phoenixcommutersapplaudstartupof
light rail system”,article by JacquesBilleaud(AssociatedPress)

11. DEIS, Chapter4, page4-159.

12. Informationfrom www.honolulutransit.org/fags

13. Correspondencefrom JohnFarry,Directorof CommunityRelations,PhoenixMetroRail,
January20, 2009.

14. DEIS, Chapter4, page4-62.

15. DEIS, AppendixA, SheetRP024.In the profile drawingat thebottom of the sheet,a second
guidewaylabeled“Future Extension” is shownabovethe (Phase1) guidewayendingat Ala
MoanaCenter.

16. Commentson the DEIS submittedby the Waikiki ImprovementAssociation,December15,
2008,page7.

17. DEIS,Chapter4, page4-93.

18. Correspondencefrom Philip G. Craig, Railwaysystemdesigner/TransportationConsultant
since1955,UpperMontclair, NJ ,January20, 2009.

19. Correspondencefrom Philip G. Craig, TransportationConsultant,UpperMontclair, NJ,
January21,2009.

20. Informationtakenfrom PortlandLRT website:www.trimet.org/about/history.htm
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APPENDIX
AT-GRADE LRT SYSTEMS IN OPERA

I
TION IN NORTH AMERICA

N/A: Infonnationnot available

, Date (ml)9.p~j~ Total Const. Cost jtngth £QJJct~Cost/Mi. #ofStations

1. Baltimore 1992 N/A 29 N/A 32

2. Boston/Gm line 1888 N/A 25.6 N/A 78

3. Buffalo 1984 N/A 6.4 N/A 15

4. CamdenNJ 2004 $IB 34.5 $25M 20

5. CharlotteNC 2007 $462M 9. $48.2M 15

6. Cleveland 2000 N/A 15.4 N/A 27

7. Dallas/NCline 2002 SIB 24 $46M 14

8. Denver 1994 N/A 39.4 N/A 36

9. Houston 2004 $324M 7.5 $43M 16

10. JerseyCity 2001 $992M 9.6 $103M 30

l1.LosAngeles 2003 $859M 13.7 $65M 13

12. Memphis 2000 N/A 4.6 N/A (Streetcar)

13. Minneapolis 2004 $715M 11.6 $60M 17
14. Newark 1935 N/A 4.3 N/A 12

15. Philadelphia 1892 N/A 42.5 N/A 64

16. Pittsburgh 2002 $386M 5.2 $74.2M 8

17. Portland OR 1986 N/A 44 N/A 47

IS. Sacramento 2003 $222M 6.3 $35M 10

19. St. Louis 1993 N/A 46 N/A 28

20. Salt Lake City 2004 $520M 19.5 556M 23

21. San Diego 2000 $506M 5.9 585.7M II

22. San Francisco 1988 N/A 5.8 N/A (Streetcar)

23. San Jose 2005 5320M 5.3 560M 9

24. Seattle 2009 N/A 14 N/A 14

25. Tacoma 2003 $80.4M 1.6 55GM 5

26. Phoenix 2008 $1.48 20 $70M 24

27. New Orleans 1998 N/A 7 N/A (Streetcar)

28. Tampa 1995 $32M 2.3 $2.3M (Streetcar)

29. Galveston 1988 N/A 5.2 N/A (Streetcar)

30. Calgary(Can.) 1981 N/A 28 N/A 36

31.Edmonton(Can.) 1978 N/A 12 N/A 10

32. Toronto (Can.) 1892 N/A 46 N/A N/A

33. Guadalajara (Mex)1989 N/A 6.2 N/A 12

34. Mexico City (Mex)1985 N/A 11.1 N/A 18
35.Monterrey (Mex) 1991 N/A 14.2 N/A 24

18 AlA Honolulu Task Force Report: Suggested Light Rail Transit (LRT) for the Honolulu High-Capacity
Transit Corridor Project, February 2, 2009



APPENDIX 2

AlA Public Policy on Transportation

The American Institute of Architects/Honolulu Chapter supports funding and planning to integrate all transportation
modes with anemphasis on alternatives to the automobile including mass transit, pedestrian ways, bicycle paths,
and watertransitso thateachregionandurbanareamay choose themost effective andefficientcombinationof
modes for its own needs.

SupportingStatement

We encouragethe use of social, environment,and aestheticcriteria—as well as economic efficiency—inthe design
of routesandsupportingfacilities for all transitmodes.

Transportation system routes and facilities should support land use objectives, including urban growth management
and efficient transit mode linkages, and respect significant human, cultural and natural environments.

Furthermore, transit systems and facilities should achieve the following design objectives:

A. Protectand enhanci mauka-makai view corridors in accordance with the City & County ofHonolulu’s
Primary Urban Center Development Plan
(PUC DP) and Land Use Ordinance (LUO1. Framed street views ofthe mountains and the shoreline are
significant scenic resources that provide directional orientation to motorists, pedestrians, and visitors alike.
Visual and physical access between mauka and makai should be preserved to enhance the connection
between the city and the waterfront.

B. Preserveand enhance historic and cultural districts in accordance with the City & County of Honolulu’s
PUC DP and JJJQ. The planning and design of transit systems and facilities should complement the visual
context of these areas as well as their physical, historic, and cultural value. Significant vistasassociated
with these structures and districts should also beretained.

C. Providesafe and healthy environments for transit passengers as well as pedestrians and neighborhood
residentsalong the transit route. Safe and easy accessibility should also be promoted.

D. Promote sustainable planning, design, and operation. In keeping with sustainable practices.transit systems
and facilities should offer the ability to meet present needs without compromisingthose offuture
generations.

The physical and aesthetic impact of new and improved road systems should be considered by planners. Road
widths and infrastructure improvements should be kept to the minimum needed to accomplish transportation and
community planning objectives.
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AlA Position Statement on Transit

TheAmerican Institute of Architects supports funding, planning, design and implementation to integrate all
transportation modes — including mass transit, pedestrian walkways, bicycle paths and water transit — so that each
region and neighborhood will be served by the most effective and efficient combination of modes to meet its own

needs.

AlA encouragesthe use of social, environment and aesthetic criteria — as well as economic efficiency — in the design
of routes and supporting facilities for all transit modes, Transportation system routes and facilities should support

land use objectives — including urban growth management and efficient transit mode linkages — and respect
significant human, cultural and natural environments.

AlA Honolulu (The Honolulu Chapter of The American Institute ofArchitects) strongly supports the concept and
implementation of a fixed guideway transit system as an integral part of the future plans to meet the needs our

growing island communities.

At the same time, there are serious concems about urban design issues and visual impacts on the surrounding
neighborhoods. Our greatest concerns with the City’s current plan are the elevated rail along NimitzHighway
through the Downtown core and historic Chinatown that will isolate the city from Honolulu’s extraordinary

waterfront, as well as elevated spurs to the University of Hawaii at Manoa and Waikiki.

AlA Honolulu strongly believes that we must implement a plan that protects the mauka-makai view corridors that
are outlined by the City & County of Honolulu in its own Primary Urban Center Development Plan and Land Use

Ordinance.

We believe that the ultimate solution is not just about the best engineering solution, but that priority needs to be
placed on the planning and design of the overall transit system to sensitively serve the needs of the residents of Oahu
and its visitors, while protecting the beauty ofthe unique environment in which we live, work and jMay. Moreover,

we believe that good design, combined with comprehensive urban planning, is a critical investment in our future and
that of our children. By degrading our island’s visual environment with an overhead system through our Downtown
and historic core, we would significantly decrease Honolulu’s visual appeal as a place to live. In addition, as a resort

destination, an elevated rail system through the Downtown corridor and into Waikiki could negatively impact our
visitor appeal for the next century.

AlA Honolulu has enjoyed greater dialogue with the City on transit issues in recent months and hopes to assume an
even greater role in collaborating with the Mayor, his administration, its consultants and the Honolulu City Council

to insure critical design issues are addressed as this historic project moves forward.

At thisjuncture, we look forward to continuing to work with the City to examine alternatives to the elevated rail
through the Downtown corridor along Nimitz Highway. In particular, AlA Honolulu asks that the City consider an

at-grade (street-level) or below-grade (underground) fixed guideway system, or that the alignment through
Downtown be shifted so that mauka-makai view corridors are preserved for future generations.

The American Institute of Architects Smart Growth/Transit Oriented Development
Local Issue Brief

http://www.aia.orc/SiteObiects/files,Transit%2OBased%20Develooment REV.pdf
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Aistom Tram
TECHNOLOGY PROVIDES

EASEOFTM

STRASBOURG SYSTEM
Thecity ofStrasbourg is located

in the Northeastern portion of
France near the border of Gerrna-
ny. Known for its architecture, the
city’s skyline features a towering
gothic cathedral, as well as other
medieval sinictures. Whilethe city
elicits an Old World aesthetic, it
boasts one of the most well-con-
nected transportation networks.
One clement ofthis network is the
city’s tram system. Operated by
the Compagnie des Transports
Strasbourgeols (CI’S), the nearly

34-mile tram system has five lines
and features 70stations. Althougji
the city’s modernized train system
was launched in 1994, Citadis
trams were added in 2005 to meet
growingservicedemands. In addi-
tion, thesystem will go interna-
tionalin 2010 when it is extended
to Germany.

The Citadis tram fleet, com-
prised of41 trainsets, was adapted
to the specific requirements of the
Strasbourg environment. The
low-floorvehicles were fitted with
a small bogie at either end in or-
der to follow thenetworl?s curves
more smoothly and provide har-
monious movement. Featuring a

sign allow the vehicle to fit in iust
about anywhere.

Offering reduced energy consumption,
low-noise technology, and a bevy of
propulsion options, the Citadis tram fits
easily into its environment,

>BY JANNA STARCIC, Executive Editor

WHEN PLANNING A TRANSPOR-
tatIon system,integration into its
surroundings is key. ALSTOM
Transpods Citadis tram technol-
ogvwas developed to mesh easily
with various environments. Its

multiple propulsion options,
low-noise factor and modularde-
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nearly eight-foot width, the hams can
carry 288 passengers.

MODULAR DESIGN
In addition to Strasbourg, numerous

cities across the globe from Algiers to
Valenciennes. France, have implement-
ed Citadis tram technology. By com-
bining standardization of components
with customization of interior and ex-
tenor designs, the technology adapts to
the requirements of each city in terms
of aesthetics, comfort and accessibility.

“The whole concept was based on
modularityand flSbilit~says Roelof
van Ark, president, ALSIOM Trans-
portation Inc and SVI~North America
Region, ALSTOM Transport. Eighty
percent of Citadis components are
standardized. “Customers can choose
the length of the tram, as well as decide
on thenose or the cab section ofthe car
and its st)4ing,” van Ark says. Tinally
you can choose yourown colors orcor-
potate pattems and designs?

Other options include video surveil-
lance systems, as well as media displays.
“You could show the news and you
could also advertise,’ says van Ark. “You
could offer passengers information up-
dates about train delays, and other infor-
mation that applies to the passenget”

When reviewing the portfolio ofCit-
adis projects, several European systems
stand out due to their progressive de-

signs and use of color. European de-
signs have developed much further be-
cause the market is that much latgez”
says van Ark. “Therefore, you have
many more options coming out of the
European market.” That’s one of the
reasons that the Citadis range has been
a success, he adds. “The core business is
important because that’s where you de-
velop your product.’

Some progressive tram designs are
on display in the French cities of Tou-
louse and Reims. To acknowledge its
distinction as the “European hub of the
aeronautics industry? the city of Tou-
louse designed the nose of each of its
trams to reflect the shape of an Airbus
airplane For the latter system based in
Reims—the capital of the Champagne
region—the tram design was inspired
by a champagne glass.

ENVIRONMENThL CONSIDERATIONS
Because they use dean energy and

can transport the same number of pee.
pie as three buses or 50 cars, trams are
considered an ultra-modem solution
against pollution and congestion in cit-
ies, according to Alstom. In addition,
the company is committed to integrat-
ing other environmental consider-
ations in its tram design “to limit and
reduce their impact on the environ-
ment throughout their life cycle, from
construction to recycling.”

“When the Citadis tram line was orig-
inally developed, the concept ofrecycla-
bility was a significant factor,” says van
Ark. (there is a minimum recydability
rate of 85 percent) “We spend a lot of
energy and time in designing the cats to
ensure that they can be recycled, says
van Ark. ‘And we continue to do so.”
The companymakes a point to integrate
reusable materials into the tram design,
including steel, aluminum and copper.
In addition, the use of “biomaterials
from renewable sources, such as wood
and hemp” is also being researched.

It’s also important that a big par-
don ofother synthetics being used can
be recycled, van Ark says. “There’s a lot
ofeffort made to use recyclable materi-
als in the inner cladding, the seating
materials and the synthetic materials,
mainly inside these cars.”

The company also uses composite
materials, and has improved the Cit-
acEs’ traction system’s efficiencyto help
reduce energy consumption levels by
10 percent.

France’s Mulhouse-basedtram system isanother example of innovative design. The public had
a hand in choosing the design (Interiorshown) during a public consultation.

Each day, 40,000 people use the Muihouse tramway, inaugurated in May 200& The tram sys-
tem is based In Francenear the German and Swiss borders.
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In addition, Alstom has also less-
ened its impact on the environment
through the reduction of noise emis-
sions. With the use of insulation mate-
rials and acoustic dampeners, the sys-
tem emits 5 dMs less than automotive
traffic. “That is four times less noise
than you would have on a roadway
with traffic on it’van Ark says.

PROPULSION OPTIONS
In keepingwith its conceptolintegrat-

ing searniessly into the environment the
company offers an array of propulsion
solutions. In addition to the standard
overhead catenary system, other power
options include AL’S (ground-level pow-
a supply). battery power and two newer
technologies in final development the
inertia flywheel and super capacitors.

The ground-level power supply sys-
tem—or wireless Al’S (Alimentation
Par le Sol) system as it is known—uses
a third rail embedded in the tracks to
supply power to the tram. ‘You can de-

dde on the different propulsion tech-
nologies thatyou require,’van Ark says,
adding that catenary systems might not
always be appropriate for some settings.
‘It’s important not to bring catenary
systems into cities with historic sites.”

The city of Bordeaux. France, incor-
porated 9 miles of its 27-mile system
with the AL’S-powered propulsion—

the first in the world to install the tech-
nolog~according to Alstom.

Battery power, another wireless op-
tion, can be utilized for small distances
iust over a half-mile To help ‘preserve”
the historical nature of the city’s Place
Masstna and Place Caribaldi squares,
the French city of Nice employed bat-
tery power fbr its Citadis tram.

The Citadistram. with Its lightweightdesign and low-noise technology. Integrateseasily Into
cities and can be mixed intotraffic with automobiles.

MAXIMUS® features the ONLY Automated Fueling Solutions with REAL
TIME integration for fleet EAM software, one database, one vendor.
Move into the fast lane with these MAXIMUS FuelFocus”~ customers:

• Calgary Transit
‘King County Metro (Seattle)
• Massachusetts Bay Transportation Authority (MBTA)
- Memphis Area Transit Authority (MATA) NEWI

Monterey Salinas Transit Authority (MS’O NEW!
“Santa Monica’s Big Blue Bus
• Southeastern Pennsylvania Public Transportation Authority (SEPTA)
• St. Louis Metro NEWI
• Sun Tran Tucson NEWI

-1
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Still under development the inertia
flywheel system powers the tram
through ‘recovering the energyreleased
during braking.’

A mixtureofpropulsion options can
also be used to fulfill the systems
needs. “You can use a standard catena-
rysupplyalong with an Al’S, or the cat-
enary system with the battery~or the
battery systemwith the Al’S or the new
propulsion systems,’ van Ark says. ‘It’s
very modular.’

TRAM-TRAIN CONCEPT
Another tram offering based on the

Citadis platform is Alstom’s Dualis
model. This version employs the capa-
bilities of both a train and a train. Ve-
hides can operate on a train network,
as well as on a regional rail network

This configuration makes it a highly
versatile means of transport: its tram
build enabling it to run through the
city while its performance as a train al-
lows itto transport passengers at over

60 mph once on the outskirts of cities,
without the need to change the means
oftransport

The train-train concept was initially
developed in Germany, where Alstom
has put into service its Regio Citadis
model, In Kassel. Developed at AIs-
tom’s Valenciennes facility in France,
the first Citadis Dual is trainsets should
enter service in January 2010 on the
Nantes network and, in March 2010,
on the Lyons network

LATEST CONTRACTS
Looking to the future Alstom’s Cit-

adis technology continues to expand
its global reach with new projects on
the horizon. Along with its partners,
the company recently received two
contracts from the Algerian public
transport company EMA (Entreprise
du Metro d’Alger) to supply “turnkey’
tramway systems for the cities of Oran
and Constantine. The contract for the
city of Oran calls for an Il-mile line

serving 32 stations. Its value is worth
$550 million, of which $229 million
is allocated for Aistom. The TRAM-
NOUR consortium is made up of Als-
tom Transport and the Spanish group
Isolux CORSAN. Aistom will supply
30 Citadis tramway’s, which will be
manufactured at the group’s factory in
Barcelona. Spain. Alstom will also sup-
ply the operating system (signaling
and telecommunications), as well as
the depot equipment and the substa-
tions. The first trainsets will enter com-
mercial service 26 months after the
contract takes effect

The Constantine contract, a 5-mile
line serving 11 stations, is worth $475
million, with Alstom’s portion totalling
$276 million. Aistom will supply 27
Citadis tramways, the track, electrical
power supply, operating system (signal-
ing and telecommunications) and the
depot equipmentThe firsttrainsets will
enter commercial service 27 months af-
ter the contract takes effect [II]
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> The principle
APS is a system to power trams without overhead catenaries,
allowing the tram to operate c wire-free “ over journeys of any
distance and hence to blend into the urban environment.

APS is an Alstom exclusivity. The Communauté Urbaine de Bordeaux
(Bordeaux Metropolitan Area) is the first city in the world to have
opted for this completely new technology on 14 km of its 44 km long
tram network, It has been operating since the end of 2003. In 2006,
the French cities of Angers, Reims and Orleans have also chosen an
APS solution.

> How does it work?
Power is supplied to the tram through a third rail embedded in the
tracks. This third rail is made up of 8 metre-long conducting
segments, which can be powered, and which are separated by 3
metre insulating joints. Power is supplied to the conducting segments
by underground boxes every 22 metres. The electricity transmitted
through this third rail is picked up by two friction contactors located in
the mid-section of the tram. The delivery of power to the conducting
segments is triggered by coded radio dialogue between the tram and
the ground, and only occurs once the conducting segment has been
covered by the tram, ensuring total safety for pedestrians.

> The advantages

• Preservation of the urban environment and historical heritage

• Performance levels equal to those of a conventional tram in terms
of comfort and speed

• Total safety for pedestrians and road users

• Compatibility with all types of road surface

• Easy extension of thesystem if the line is prolonged

ALSTOM

APS
The street level power supply



EcoActive Technologies

PRIMOVE
Catenary-Free Operation)

A world-premiere:
contactless power transfer
for urban rail vehicles
The new and unique BOMBARD/ER PR/MOVE system
alows catenary-free operation of FLEXJ7Y trams over
distances of varying lengths and in all surroundings as well
as on underground lines — just like any conventional system
with overhead lines, What makes it outstanding is that the
power transfer is contactless; the ~ectric supply
components are irMsible and hidden under thevehicle and
beneath the track.

inH+ PoH \/cmHHIc~
~ I V k~j~

The benefits are evident:
• Elimination of ovethead wires — increasing a city’s

attractiveness
• Safe inductive power transfer
• No wear of parts and components
• Resistant to all weather and ground conditions including

storms, snow, ice, sand, rain and water

The PR/MOVE system is connected to the BOMBARD/ER*
M/TR4C Energy Saver, which stores etectric~energy that
is gained during operation and braking on board the vehide
by using h~h-perforrnancedoutAe layer capacitor
technology. Doing so optimizes power supply and saves
energy

eco4 BOMBARDIER



Calenary-tree operation — energy flow

Bombardier is at the forefront of continuously
improving rail transportation as an ecoiooicaiiv
leading mode of transport
Preserving our environment by reducing emissions and
using energy resources in an efficient and responsible way
are undoubtedly major challenges which communities all
over the world face today. Exhaust emissions and noise are
some of the main factors that lead to a deterioration in the
quality of life in our cities. In urban transport, railbound
operations are making a major contribution to relieving
congestion as well as cutting CO2 and noise emissions.

Why Catenary-Free operation?
In addition to these wel-known factors, municipal
authorities are increasingly facing visual pollution caused by
power poles and overhead lines obstructing thevisibility of
landmark buildings and squares. With PR/MOVE catenary-
free operation trams can even run through heritage-
protected areas, such as parks and gardens, historic
market and cathedral squares, where conventional
catenary systems are not permitted, thus preserving natural
and historic environments. Additionally, when planning a

new system or extensions catenary-free operation will
contribute to an attractive and forward-looking appearance.

PRIMOVECatenary-fsee operation — safe,
cost-enicient, reliable and flexible:
• Due to invisible and contactless power supply, operation

of the PR/MOVE catenary-free system is safe for
pedestrians and other road users such as bikes,
motorbikes orcars

• With no direct contact during energy transfer there is no
wear of parts and components which keeps service and
maintenance costs at a minimum — the initial construction
costs lie far beiow those of any comparable solution on
the market

• fReRable performance in all weather and 9round
conditions

• Same vehicle performance as with conventional catenary
systems

• With the on-board M/7’R4C Energy Saver the system can
continuously recharge theenergy levele needed for
uninterruptedmaximum performance

• The PR/MOVEsystem can be tailored to the individual
needs of each city: it is adaptable to different topographical
conditions, performance expectations and distances



How does the PRIMOVE
system work?
When running on conventional systems, trams and light rail
vehicles take their energy from an overhead electrical line.
Equipping the tracks and thevehicle with thePR/MOVE
components also allows operation without a catenary.
Cables laid beneath the ground are connected to the
power conditioning and supply network. They are only
energized when fully covered by thevehicle, which ensures

safe operation. A pick-up coil underneath the vehicle turns
the magnetic field created by the Cables in the ground into
an electric current that feeds the vehicle traction system.

Inductive power transfer principle
The functional principle is based on the inductive power
transfer of a transformer (see illustration below) — a principle
that is up to now has only been used in certain industrial
applications (in the automotive industry for transportation
systems in manufacturing) orwith household appliances
(i.e. electric toothbrush).

ttW~tr.

Transformer Air gap a Ironcore Primary wmdmg
extended as loop

Bottom ron core removed

working principe —

inductive power transfer

Pick-up coils

underground cables



PRIMOVE Catenary-Free Operation

MITRAC Energy Saver
The vehide mounted M/7R4C Energy Saver stores the
energy gained during braking and is constantly charged up
during operation, either when thevehicle is in motion or
waiting at a stop, picking up the power from the
underground section. Doing so allows both maximum
vehicle performance and constant inductive power levels,
ensuring continuous operation of the vehicle just like
conventional catenary systems.

Testing at Bombardier in Bautzen
The new PR/MOVEcatenary-free solution is undergoing
extensive testing at the test track of the Bombardier site in
Bautzen, Germany. A low-floor tram and the test track are
equipped with thePR/MOVE components and different
phases simulating regular operation are being carried out.

EcoActive Technologies

MITRAC Energysaver

Performance of the PRIMOVE System
• 250 kW continuous output of thePR/MOVE system,

designed for a typical light rail vehicle ~30metres long,
operating at a speed of 40 km/h with a gradient of six
percent). A prototype vehicle is currently undergoing tests
at Bombardier in Bautzen

• Performance can be provided to vary from 100 to up to
500 kW, depending on the respective vehicles and
system requirements: length and number of vehicles,
topographic conditions, range of application

Bombardier Transportation
Hermann Gebauer Strasse 5
1220 Vienna, Austria

Tel +431 25110760
Fax ÷431 25110335

Www.bombardier.com BOMBARDIER
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